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IMPROVED LITHOGRAPHIC INTERFEROMETER SYSTEM 



5 BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0001 ] The present invention relates to lithographic apparatus and, more particularly, to an 
improved interferometer system employed in a lithographic apparatus. 

10 2. Description of the Related Art 

[0002] A lithographic apparatus is a machine that applies a desired pattern onto a target 
portion or target field of a substrate. Lithographic apparatus can be used, for example, in the 
manufacture of integrated circuits (ICs). In that circumstance, a patterning device, such as a 
mask (i.e., reticle), may be used to generate a circuit pattern corresponding to an individual 
1 5 layer of the IC 5 and this pattern can be imaged onto a target field (e.g. comprising part of. one 
or several dies) on a substrate (e.g. a silicon wafer) that has a layer of radiation-sensitive 
material (resist). 

[0003] In general, a single substrate will contain a network of adjacent target portions or 
fields that are successively exposed. Known lithographic apparatus include so-called 
20 "steppers," in which each target field is irradiated by exposing an entire pattern onto the target 
field in one sweep, and so-called "scanners," in which each target field is irradiated by 
scanning the pattern through the projection beam in a given direction (e.g., the "scanning" 
direction) while synchronously scanning the substrate parallel or anti-parallel to this direction. 

[0004] Although specific reference may be made in this text to the use of lithographic 
25 apparatus in the manufacture of ICs, it should be understood that the lithographic apparatus 
described herein may have other applications, such as the manufacture of integrated optical 
systems, guidance and detection patterns for magnetic domain memories, liquid-crystal 
displays (LCDs), thin-film magnetic heads, etc. The skilled artisan will appreciate that, in the 
context of such alternative applications, any use of the terms "wafer" or "die" herein may be 
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considered as synonymous with the more general terms "substrate" or "target portion/field", 
respectively. The substrate referred to herein may be processed, before or after exposure, in 
for example a track (a tool that typically applies a layer of resist to a substrate and develops 
the exposed resist) or a metrology or inspection tool. 

[0005] Where applicable, the disclosure herein may be applied to such and other substrate 
processing tools. Further, the substrate may be processed more than once, for example in 
order to create a multi-layer IC, so that the term substrate used herein may also refer to a 
substrate that already contains multiple processed layers. 

[0006] A support structure supports (i.e. bares the weight), of the patterning device. It 
holds the patterning device in a way depending on the orientation of the patterning device, the 
design of the lithographic apparatus, and other conditions, such as, for example, whether or 
not the patterning device is held in a vacuum environment. The support can be using 
mechanical clamping, vacuum, or other clamping techniques, for example electrostatic 
clamping under vacuum conditions. The support structure may be a frame or a table,: for 
example, which may be fixed or movable as required and which may ensure , that the 
patterning device is at a desired position, for example with respect to the projection system. 
Any use of the terms "reticle" or "mask" herein maybe considered synonymous with the more 
general term "patterning device." 

[0007] The illumination system may also encompass various types of optical components, 
including refractive, reflective, and catadioptric optical components for directing, shaping, or 
controlling the projection beam of radiation, and such components may also be referred to 
below, collectively or singularly, as a "lens." 

[0008] The lithographic apparatus may be of a type having two (dual stage) or more 
substrate tables or substrate holders and/or two or more mask tables or mask holders. In such 
"multiple stage" machines the additional tables may be used in parallel, or preparatory steps 
may be carried out on one or more tables while one or more other tables are being used for 
exposure. 
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[0009] The lithographic apparatus may also be of a type wherein the substrate is immersed 
in a liquid having a relatively high refractive index {e.g. water), so as to fill a space between 
the final element of the projection system and the substrate. Immersion liquids may also be 
applied to other spaces in the lithographic apparatus, for example, between the mask and the 
5 first element of the projection system. Immersion techniques are well known in the art for 
increasing the numerical aperture of projection systems. 

[0010] Within a lithographic apparatus, interferometer systems may be used to measure 
distance and/or displacement. A basic interferometer system uses two, or more, bundles of 
radiation that are each reflected by a mirror, and are made to overlap and interfere. The 
1 0 overlap may cause constructive or destructive interference, depending on the phase difference 
of the radiation in the two bundles. This is visible in the form of interference fringes. 

[0011] Because the wavelengths of each bundle are generally equal, a single bundle is 
typically split in two bundles by means of a beam-splitter. Another possibility is the use of a 
heterodyne system, in which distinct but very nearly equal frequencies are split: up by the 
15 beam-splitter. This often relates to two Zeeman split frequencies having perpendicular $ 
polarization directions. The beam-splitter will be a polarizing beam-splitter. This offers the 
possibility of redirecting bundles by means of the beam-splitter surface before and/or after 
reflection. 

[001 2] A particular and well known advantage of interferometer systems is that it is possible 
20 to measure extremely small displacements, in the order of fractions of a wavelength. In the 
simplest form of the interferometer system, one interference fringe appears every half 
wavelength. However, it is possible to feed the interference signal to electronic detectors 
which are able to interpolate the measured signal in order to determine smaller displacements 
and increase measurement resolution. 

25 [0013] Some lithographic systems employ a combination of interferometers that include a 
first interferometer system to measure displacement in substantially the X direction and a 
second interferometer system to measure displacement in the Z direction. In this combination, 
the measuring and reference beams of the second interferometer system (i.e., the Z 
measurement) are formed in a separate beam-splitter and are guided through bores in the 
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second beam-splitter, which forms the reference beam and measuring beam of the first 
interferometer system (i.e., the X measurement). Note that the beam generation means 
comprise two separate beam-splitters, each of which split radiation beams in respective 
measuring beams and reference beams. 

5 [0014] A disadvantage of the combination interferometer system is the complexity of the 
overall system, requiring two beam-splitters and the drilling of holes in one of them. Because 
beam-splitters are one of the most expensive parts of an interferometer system, the cost of 
such a system may be lowered and improved by providing a configuration that reduces the 
cost for the beam-splitters. Furthermore, the presence of holes for guiding the beams for the Z 
1 0 interferometer system limits the flexibility of the combined system and requires two labor- 
intensive alignment procedures. 

SUMMARY OF THE INVENTION 

[0015] Systems^ apparatuses and methods consistent: with the principles of the present t : 
15 invention, as embodied and broadly described herein, relate to an improved interferometer 
system capable of measuring displacement of an object in a plane substantially parallel to an 
XY plane, along at least two directions. In one embodiment, the interferometer system 
comprises one or more measuring mirrors, at least one of which is fixedly connected to the 
object to be measured, a beam generator for generating a plurality of radiation beams and 
20 directing the beams in desired directions that extending to and from the measuring mirrors, 
and a plurality of radiation-sensitive detectors, which convert radiation beams reflected by the 
measuring mirrors into electric measuring signals. 

[0016] Such an interferometer system provides enhanced flexibility, reduced complexity, 
and reduced cost. Preferably, the need for a large beam-splitter is obviated. 

25 [0017] In other embodiments, the radiation-sensitive detectors may be omitted, since they 
may be part of a measuring and control system that is separate from the actual interferometer 
system. Substantially parallel means that the tilt of the object with respect to the XY plane is 
at most 5°, and in many cases much less, for example less than 0.5°. Furthermore, the at least 
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two directional axes need not coincide with a coordinate axis. They need not even be mutually 
perpendicular, but may for example be parallel. The directions of X, Y and Z may be selected 
as is convenient for a specific situation. 

[001 8] In other embodiments, the interferometer system for measuring displacement along 
5 at least two directions in an XYZ system of co-ordinates, of an object in a plane substantially 
parallel to an XY plane, comprises a plane mirror interferometer system and a differential 
plane mirror interferometer system. The interferometer system includes abeam splitter body, 
which is constructed and arranged for splitting up each of a radiation beam in the plane mirror 
interferometer system and a radiation beam in the differential plane mirror interferometer 
10 system in respective measuring beams and respective reference beams. 

[0019] The interferometer system according to the invention provides flexibility and 
compactness through the use of two different interferometer systems that share their beam- 
splitter. Combining the two beam-splitters of two interferometer systems into one allows a 
smaller volume of the beam-splitter itself. Also, in combination with an appropriate layout of , 
15 the beams to be used, it is possible to use smaller measuring mirrors, notably the measuring <?. 
mirror(s) on the object (often a wafer stage). 

[0020] In particular the height of such a measuring mirror, as measured in the z-direction 
when the object extends in the XY-plane, may be selected smaller, and hence the object as a 
whole. In turn, this allows the object to be made smaller and lighter, with its associated 
20 advantages as to mechanical driving thereof etc. 

[0021 ] The object may be, for example, a holder with some other part or parts fixed thereto 
or therein, such as a wafer holder with a wafer. In such a case, it is the position of the wafer 
which needs to be measured, but since the wafer is fixed in the wafer stage, the position of the 
wafer is known as soon as the position of the wafer stage is known. Often this indirect 
25 measurement prevents problems with fixing a mirror to an object or part thereof. 

[0022] The interferometer system according to this embodiment comprises a single beam- 
splitter and yet combines two types of interferometer in one device. In particular, these two 
types, called a plane mirror interferometer and a differential plane mirror interferometer. 
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[0023] A plane mirror interferometer is an interferometer system in which a reference beam 
is only reflected by one mirror, or possibly more mirrors, in a fixed position. It should be 
noted that in any practical situation considered here, a "fixed position" means a position that is 
fixed with respect to the beam-splitter, and most often directly fixed to said beam-splitter. 
5 The measuring beam is reflected by a mirror fixed to the object. A displacement of the object, 
or in general the object in which the object is fixed, causes a change in the optical path 
difference between the measuring beam and the reference beam, which gives direct 
information on displacement in the direction considered. 

[0024] The second type, the differential plane mirror interferometer, uses a measurement 
1 0 set-up in which a measuring beam is again reflected by a mirror fixed to the object, and where 
a "reference beam" is reflected by at least one mirror not fixed to the beam-splitter. Various 
possible configurations exist to reflect the reference beam. For example, the reference beam 
may be reflected by a mirror fixed to the object, often the same mirror as the one that reflects 
the measuring beam. This will need some redirection of the reference beam, in order for the 
1 5 reference beam to also travel towards the object. This case allows to measure displacement of 
the object in two different positions, and hence offers the possibility of measuring tilt of the 
mirror(s), and hence of the object. 

[0025] A second possibility is that a first mirror fixed to the object reflects the reference 
beam towards a second mirror, which may be e.g. a reference mirror arranged in a different 

20 direction. This redirection of the reference beam allows measuring displacement in said 
different direction, when the total measured displacement is corrected for the displacement of 
the first mirror. For example, the measuring beam is used to measure displacement in, say, the 
x-direction. The reference beam is reflected by a 45° mirror towards a z reference mirror. The 
displacement as measured by the reference beam consists of a displacement of the 45° mirror 

25 itself in the x-direction and a displacement of the object in the z-direction. Since this 
displacement in the x-direction is also measured with the measuring beam, it is possible, by 
combining the measuring beam and the reference beam and subtracting their displacements, to 
measure displacement in the z-direction. This will be further elucidated in the description of 
the figures. This possibility is sometimes referred to as a z differential interferometer, wherein 

30 the term "z" may be replaced by the appropriate term in corresponding cases. Note that in this 
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case, the "reference beam" functions in fact as the "measurement beam", and vice versa. This 
indicates that the names for the various beams only serve the purpose of identification thereof. 

[0026] A third possibility is when the reference beam is reflected by a mirror which is fixed 
to some other object. The other object may be an object which is movable with respect to the 
object. Of course, when said other object is in a fixed position with respect to the beam- 
splitter, this would correspond in principle with a simple plane mirror interferometer, 
sometimes also called absolute plane mirror interferometer. The arrangement allows the 
measurement of relative displacement of the object with respect to the other object. An 
example is, in the case of lithography, when the object is a wafer (or reticle) stage and the 
other object is a lens (e.g. of a projection system). The measurement will determine any 
(intended or unintended) displacement of the one with respect to the other, and allows 
correction in order to have a fixed mutual position during exposure etc. This third possibility 
is sometimes referred to as a differential plane mirror interferometer. 

[0027] Therefore, another embodiment provides an interferometer system , for measuring 
displacement along at least two directions in an XYZ system of co-ordinates, of an object in a 
plane substantially parallel to an XY plane, in which the system comprises at least one 
measuring mirror fixedly connected to the object and including a plurality of measuring mirror 
areas, at least one reference mirror comprising at least one reference mirror area, and a beam 
generator constructed and arranged for generating a plurality of radiation beams having an 
integral beam-splitter body having a beam splitting surface. 

[0028] The interferometer system further comprising a plurality of radiation-sensitive 
detectors which convert radiation beams reflected towards the detectors into electric 
measuring signals, wherein the beam splitter body is constructed and arranged for splitting at 
least one first beam of the plurality of radiation beams in a first measuring beam and a first 
reference beam, the first reference beam only being reflected by one or more first reference 
mirrors located in a fixed position with respect to the beam-splitter body, the first measuring 
beam being reflected by a first measuring mirror area of said plurality of measuring mirror 
areas, and wherein said beam splitting surface is constructed and arranged for splitting at least 
one second beam of said plurality of radiation beams in a second measuring beam and a 
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second reference beam, the second measuring beam being reflected by a second measuring 
mirror area of said plurality of measuring mirror areas, and the second reference beam being 
reflected by a first reflector that is fixedly positioned with respect to said beam-splitter body 
and by at least one third mirror area, which is movable with respect to said beam-splitter body. 

5 [0029] In this embodiment, the term "mirror area" is intended to mean "part of a mirror 
surface". This means that e.g. two mirror areas may be part of one and the same physical 
mirror. In principle, two mirror areas may even overlap. It is only used as a kind of "name" for 
some mirror surface part. It is not strictly related to the number of mirrors actually present. 
Wherever in this application the term "mirror" is used, it is to be understood that this 
1 0 comprises "mirror area" . 

[0030] Note that the first reflector serves to be able to direct the second reference beam in a 
desired direction, i.e. towards a mirror area that serves as a reference. In a conventional plane 
mirror interferometer, this first reflector is not necessary, since the reference mirror is directly 
attached to the beam-splitter. In the present case, the second reference beam is to be directed 
15 towards either a mirror (area) on the object, or a mirror (area) on another. object, which is > 
located in, or is movable in an XY plane. 

[0031] It will be appreciated that the second reference beam need not be an absolute 
reference, because its optical path length may differ from measurement to measurement. 
However, for convenience, the indication "reference" is retained in the present description. 
20 Furthermore, whenever the word "mirror" is used it is understood to encompass an ordinary 
mirror (metal mirror, coated glass etc.), a prism and a (retro) reflecting corner cube as well, 
where appropriate. 

[0032] The principles of the above-mentioned three possible configurations will be further 
elucidated in the description of the embodiments. Suffice it here to say that, in the 
25 interferometer system according to the invention, the second reference beam is reflected 
towards a second mirror area, which however need not be positioned perpendicularly with 
respect to said reference beam. In other words, it need not be the only mirror (area), there 
optionally being another mirror, corner cube etc. for reflecting the second reference beam to 
the radiation-sensitive detector. 
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[0033] The presence of two types of interferometers in the interferometer system according 
to the invention ensures optimum flexibility. Furthermore, the presence of only one beam- 
splitter allows a simpler design. This not only reduces costs through cheaper fabrication, but 
also because of a simpler alignment of the various beams, which may now be performed in 
5 one action. Furthermore, a simpler design with fewer parts improves the stability of the whole 
interferometer system. 

[0034] It will be appreciated that US Patent No. 6,020,964 discloses an interferometer 
system for measuring displacements in X and/or Y direction as well as the Z direction. 
However, the embodiments shown either do not comprise a differential plane mirror 

10 interferometer, or are of a highly complex design, in which a separate prism system with a 
partially transparent mirror and a so-called 7J2 plate are required for forming and measuring 
secondary reference (and measuring) beams. This requires the presence of a separate second 
beam-splitter, with all the accompanying disadvantages of complexity and alignment 
difficulty. Furthermore, here too, a reference mirror in a position fixed with, respect to the 

1 5 beam-splitter is always required. 

[0035] The interferometer system according to the invention may be constructed to allow 
measurement of displacement in X and/or Y direction, as well as Z direction. Here, as in all of 
the present application, the XY plane substantially is taken to correspond to a plane in which 
an object extends also, which is often but not always a direction perpendicular with respect to 
20 the vertical or line of gravity, whereas the Z direction is perpendicular to the XY-plane and 
parallel to the vertical or line of gravity. However, any other orientation is possible as well. 

[0036] Another useful orientation is to consider the plane of a flat object as the XY-plane, 
e.g. in the case of a wafer to be exposed to radiation. A transformation to other co-ordinate 
systems is a simple mathematical process. An example is a system with radius, angle of 
25 rotation and Z, which is useful in determining rotation of a object. In this latter case it is 
advantageous to use at least two measuring beams on the same mirror of the object, in order to 
determine a relative displacement of said mirror in at two points of the mirror. In this way it is 
also possible to measure tilts and rotations, by measuring displacement in the same direction 
for two or more positions on a surface. Preferably, such relative displacement is measured in 
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three positions not in one line. This allows a complete determination of the orientation of the 
plane considered and changes therein, apart from a possible rotation in the plane of the mirror 
surface. Note that in such an arrangement, the function of the measuring beam and the 
reference beam are indistinguishable and the beams may be interchanged. 

5 [0037] The first reflector which is present in the interferometer system according to the 
present invention, is one of a flat mirror and a prism. Said flat mirror may for example be a 
metallic mirror or coated glass, while said prism may be a standard body of a material 
transparent for the associated radiation beam. It is stressed here that the only function of a 
prism here is to reflect an incident beam in a desired direction, either through the principle of 
10 total internal reflection or through a reflective coating on its sides. 

[0038] Although it is not necessary, in practice it is very common for the various reflectors, 
mirrors and the beam splitting surface to be arranged at an angle of 0°, 45° or 90° with respect 
to the beams of radiation. This simplifies alignment of the various beams. The first reflector 
may be separate from the beam-splitter body, for example to allow the reflector to be easily t . 

15 changed. However, advantageously, the first reflector is directly and fixedly connected to the . • 
beam-splitter body. In the case of the first reflector being a prism, the first reflector is 
preferably integral with the beam-splitter body. In this respect, the term integral should be 
interpreted as optically and mechanically fixedly connected to the beam-splitter body. This 
comprises a continuous piece of material, but also a prism which is adhered to the beam- 

20 splitter body by means of e.g. optically transparent adhesive. 

[0039] Advantageously, at least one third mirror area comprises a third measuring mirror 
area fixed to said object. In this case, both the second measuring mirror area and the third 
measuring mirror area are fixed to said object. This situation relates to the second reference 
beam and the second measuring beam being reflected by the second measuring mirror area 
25 and the third measuring mirror area, respectively. In other words, both said beams are (each) 
directly reflected by a mirror area on the same object, and hence indicate displacement of the 
object in two positions. In principle, said second and third mirror area may be one and the 
same mirror surface, although two different mirrors would work in the same way. This 
arrangement is very useful for measuring tilt and/or rotation. 
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[0040] In another advantageous embodiment, at least one third mirror area comprises a 
second reflector fixed to said object and a second reference mirror area located in a fixed 
position with respect to said beam-splitter body, wherein said second reflector is arranged to 
direct said second reference beam towards said second reference mirror area. This situation 
5 relates in particular but not exclusively, to a situation for measuring Z displacement by means 
of redirecting a measuring beam which is emitted from the beam-splitter in a direction parallel 
to the XY plane. 

[0041] In another advantageous embodiment, at least one third mirror area comprises a 
fourth mirror area which is fixed to a second object, which is movable with respect to the 
1 0 beam-splitter body. This embodiment relates to the case wherein a relative displacement of the 
object with respect to the second object is measurable, e.g. a displacement of a stage with 
respect to a lens in a lithographic apparatus. 

[0042] It is to be noted that all above embodiments may be further combined into one 
interferometer system according to the invention. This further improves the versatility of the % . 
15 system in a very small volume. Some of these cases will be further elucidated below, as t 
preferred embodiments, in particular regarding the layout of their beam patterns. 

[0043] Advantageously, said plurality of radiation beams comprises at least three first 
beams not in one plane, as well as at least one second beam in a position between two of said 
at least three first beams, and preferably in a symmetrical position therebetween. In particular, 

20 two of said at least three first beams are in a plane substantially parallel to the XY plane and at 
least one second beam is in a position between the latter two beams. This arrangement is very 
useful in determining a number of displacements. The three first beams are e.g. directed 
towards the same measuring mirror. This indicates that these three first beams measure 
displacement in the same main direction. This way, both absolute displacement in said 

25 direction, e.g. the X direction, as well as rotation and tilt may be determined. The position, 
and a change of orientation, of said measuring mirror may thus be determined in a three point 
measurement. At least one further degree of freedom, such as a translation or rotation in the 
plane of said mirror, may be determined by a further measurement. Thereto, at least one 
second beam may be used. Thereto, a first and second reflector are present for directing at 
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least one second beam through two subsequent reflections towards a Z reference mirror in a 
fixed position with respect to the beam-splitter body. This will be further elucidated in the 
drawing and the description thereof. 

[0044] Note that it is not necessary to use three measuring beams for the same measuring 
mirror. Sometimes it suffices to use two measuring beams, in order to be able to determine a 
rotation or tilt, without fully knowing the exact orientation of the measuring mirror. In other 
cases even more measuring beams may be used, e.g. as a check for the measurements. 

[0045] In another advantageous embodiment said plurality of radiation beams comprises at 
least three first beams not in one plane, as well as at least one second beam in a position 
outside a polygon volume formed by connecting said first reference beams and said first 
measuring beams. Said arrangement of the plurality of radiation beams may offer certain 
advantages in various situations. For example, the at least three first beams may be 
conditioned by blowing a gas with well controlled properties in the paths of said beams, 
whereas the at least one second beam is not, or at least to a much lesser extent. Note however, - 
that the volume of the beam-splitter may increase by this asymmetric arrangement. However, 
this disadvantage is less critical by using a beam-splitter body in which the beam splitting 
surface runs in a plane at an angle of 45° to said plurality of radiation beams. In particular, the 
beam-splitter body may be given a shape with a square side view and a rectangular front view, 
in which the front is the face of the body from which the measuring beam(s) is(are) emitted. 
When the beam splitting surface runs along the diagonal of the square faces, the dimensions of 
the body are smallest. 

[0046] This advantageous location of the beam splitting surface gives similar advantages in 
the other embodiments of the interferometer system according to the invention. Note however 
that rotation of the complete system of beam-splitter body, first reflector and the plurality of 
radiation beams allows similar advantages to be obtained, possibly requiring a simple 
adjustment of second reflector and/or measuring mirror. 

[0047] In a further aspect of the invention, there is provided a beam-splitter body for use in 
an interferometer system according to the invention, comprising a transparent body having a 
beam-splitter surface and a first reflector which is integrally connected to said transparent 
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body and which has a reflective surface that extends substantially parallel to the beam splitting 
surface. Such a beam-splitter body offers a very compact and versatile part of an 
interferometer system, with all the design possibilities as described above. The expression 
"substantially parallel" is intended to mean that the normal to the beam-splitting surface and 
the normal to the reflective surface include an angle which is smaller than 20°, and 
particularly equals about 0°. This ensures that the beam-splitter body is able to redirect 
incoming beams away from the beam-splitter body. Preferably, the beam-splitter body and the 
first reflector form one integral body. 

[0048] In principle, the interferometer system according to the invention may be applied in 
any desired apparatus. In particular this will be useful in very precise measuring equipment, 
and apparatus using lasers. A particularly advantageous application is in the field of 
lithography, because there it is very important to be able to measure very small distances of a 
few nm or even less. This is helpful in order to be able to manufacture devices with features 
on a comparable scale, such as is required for e.g. VLSI chips. Also, in order to manufacture.; 
features which are not necessarily extremely small, but need to be made in many different-' 
steps, in different locations, a very good reproducibility is needed, which requires very precise 
measuring of distances and displacements. 

[0049] Hence, according to a further aspect of the invention, there is provided a lithographic 
apparatus comprising: an illumination system for providing a beam of radiation, a support 
structure for supporting a patterning mechanism, the patterning mechanism serving to impart 
the beam with a pattern in its cross-section, a substrate holder for holding a substrate, a 
projection system for projecting the patterned beam onto a target portion of the substrate, and 
an interferometer system according to the invention for measuring displacement of at least one 
of said patterning mechanism and said substrate. 

[0050] A lithographic apparatus is a machine that applies a desired pattern onto a target 
portion of a substrate. Lithographic apparatus can be used, for example, in the manufacture of 
integrated circuits (ICs). In that circumstance, a patterning means, such as a mask, may be 
used to generate a circuit pattern corresponding to an individual layer of the IC, and this 
pattern can be imaged onto a target portion (e.g. comprising part of, one or several dies) on a 
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substrate (e.g. a silicon wafer) that has a layer of radiation-sensitive material (resist). In 
general, a single substrate will contain a network of adjacent target portions that are 
successively exposed. Known lithographic apparatus include so-called steppers, in which each 
target portion is irradiated by exposing an entire pattern onto the target portion in one go, and 
5 so-called scanners, in which each target portion is irradiated by scanning the pattern through 
the projection beam in a given direction (the "scannings-direction) while synchronously 
scanning the substrate parallel or anti-parallel to this direction. 

[0051] According to a further aspect of the invention, there is provided a device 
manufacturing method comprising: providing a substrate, providing a beam of radiation using 
10 an illumination system, using a patterning mechanism to impart the beam with a pattern in its 
cross-section, and projecting the patterned beam of radiation onto a target portion of the 
substrate, wherein a position of at least one of the patterning means and the substrate is 
determined with the use of an interferometer system according to the invention. 

[0052] Use of the interferometer system according to the invention offers the possibilities of . V 
15 determining very small distances and displacements, with the accompanying advantages as k $ 
discussed above, in connection with the advantageous lithographic apparatus. 

[0053] Although specific reference may be made in this text to the use of lithographic 
apparatus in the manufacture of ICs, it should be understood that the interferometer system as 
well as the lithographic apparatus described herein may have other applications, such as in the 

20 manufacture of integrated optical systems, guidance and detection patterns for magnetic 
domain memories, liquid-crystal displays (LCDs), thin-film magnetic heads, etc. The skilled 
artisan will appreciate that, in the context of such alternative applications, any use of the terms 
"wafer" or "die" herein may be considered as synonymous with the more general terms 
"substrate" or "target portion", respectively. Further, the substrate referred to herein may be 

25 processed, before or after exposure, in for example a track (a tool that typically applies a resist 
to a substrate and develops the exposed resist) or a metrology or inspection tool. Where 
applicable, the disclosure herein may be applied to such and other substrate processing tools. 

[0054] The terms "radiation" and "beam" used herein with respect to the interferometer 
system encompass many types of electromagnetic radiation, such as infrared, optical and 
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ultraviolet radiation. Generally, a shorter wavelength allows a more precise determination of 
displacement. 

[0055] With respect to the lithographic apparatus, radiation may encompass all types of 
electromagnetic radiation, including ultraviolet (UV) radiation (e.g. having a wavelength of 
5 365, 248, 193, 157 or 126 nm) and extreme ultra-violet (EUV) radiation (e.g. having a 
wavelength in the range of 5-20 nm), as well as particle beams, such as ion beams or electron 
beams. This radiation is used for exposing various materials and should be discerned from the 
radiation used in the interferometer system for determining displacement. The radiation used 
in the lithographic apparatus will not be further elucidated here. 

[0056] The terms "patterning device" and "patterning mechanism" used herein should be 
broadly interpreted as referring to devices that can be used to impart a projection beam with a 
pattern in its cross-section such as to create a pattern in a target portion of the substrate. It 
should be noted that the pattern imparted to the projection beam may not exactly correspond ^ 
to the desired pattern in the target portion of the substrate. G enerally, the pattern imparted to ^ 
the projection beam will correspond to a particular functional layer in a device being created ; . 

in the target portion, such as an integrated circuit. 

[0057] Patterning devices may be transmissive or reflective. Examples of patterning 
devices include masks, programmable mirror arrays, and programmable LCD panels. Masks 
are well known in lithography, and include mask types such as binary, alternating phase-shift, 
20 and attenuated phase-shift, as well as various hybrid mask types. An example of a 
programmable mirror array employs a matrix arrangement of small mirrors, each of which can 
be individually tilted so as to reflect an incoming radiation beam in different directions; in this 
manner, the reflected beam is patterned. In each example of patterning means, the support 
structure may be a frame or table, for example, which may be fixed or movable as required 
25 and which may ensure that the patterning means is at a desired position, for example with 
respect to the projection system. Any use of the terms "reticle" or "mask" herein may be 
considered synonymous with the more general term "patterning device". 

[0058] The terms "illumination system" and "projection system" used herein should be 
broadly interpreted as encompassing various types of projection system, including refractive 
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optical systems, reflective optical systems, and catadioptric optical systems, as appropriate for 
example for the exposure radiation being used, or for other factors such as the use of an 
immersion fluid or the use of a vacuum. Any use of the term "lens" herein may be considered 
as synonymous with the more general term "projection system". 

5 [0059] The illumination system may also encompass various types of optical components, 
including refractive, reflective, and catadioptric optical components for directing, shaping, or 
controlling the projection beam of radiation, and such components may also be referred to 
below, collectively or singularly, as a "lens". 



1 0 BRIEF DESCRIPTION OF THE DRAWINGS 

[0060] Embodiments of the invention will now be described, by way of example only, with 
reference to the accompanying schematic drawings in which: 

[0061] Fig. 1 schematically depicts a lithographic apparatus, in accordance with. an >: . ^ 
embodiment of the invention; ' 

15 [0062] Fig. 2 schematically depicts an overview of an interferometer system, in 
accordance with an embodiment of the invention; 

[0063] Figs. 3a-3d schematically depict four cross-sectional views of a part of an 
interferometer system, in accordance with an embodiment of the invention; 

[0064] Figs. 4a-4b depict two configurations, each in a cross-sectional view and a front 
20 view, of a part of an interferometer system in accordance with an embodiment of the 
invention; 

[0065] Figs. 5a, 5b both show a front view of an alternative embodiment of a part of an 
interferometer system, including a retro-reflector, in accordance with another embodiment of 
the invention; 
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[0066] Fig. 6 depicts a front view of another embodiment of a part of an interferometer 
system according to the invention; 

[0067] Fig. 7 shows front views of three different embodiments of a part of an 
interferometer system according to the invention, with conditioned air flows; 

5 [0068] Fig. 8 schematically shows a cross-sectional view of another arrangement of an 
interferometer system according to the invention; and 

[0069] Fig. 9 depicts a top view and a cross-sectional view of the embodiment according 
to Fig. 8 a. 

[0070] In the description, as in all of the drawings, similar reference numerals denote 
10 similar elements. Furthermore, wherever a mirror is depicted, described or indicated, it may 
consist of a single mirror surface or it may comprise a number of mirror areas. 



DETAILED DESCRIPTION 

[0071] Fig. 1 schematically depicts a lithographic apparatus according to an embodiment 
15 of the invention. The arrangement of the depicted lithographic system is in principle well 
known in the art. A brief description will therefore suffice for a person skilled in the art. 

[0072] Herein, 1 indicates an illumination system, comprising a source 2 of radiation, 
emitting a beam 3 of radiation. A beam expander 4 and beam shaping means 5 form the beam 
3 into projection beam 6. Projection beam 6 passes through mask 7, which is placed on mask 
20 table 8, which is moveable by means of mask table moving means 9. 

[0073] A beam 1 0 passes through projection optics 1 1 and strikes the surface of wafer 12, 
which is located on wafer stage 13. The wafer stage 13 may be displaced by means of wafer 
stage moving means 14, and the displacement maybe determined by means of (schematically) 
interferometer system 15. 
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[0074] The illumination system 1 comprises a source 2 of radiation, for example a laser, 
having a wavelength of between about 120 nanometer and 400 nanometer. The laser beam 3 
may be expanded to a desired width by means of a beam expander 4. Note, however, that 
other types of radiation and sources therefore are also contemplated, e.g. sources of extreme 
5 ultraviolet radiation, having wavelengths of about 5 to about 30 nanometer, particle beams, 
optical radiation etc. 

[0075] Beam shaping mechanism 5 may comprise optical elements which impart 
characteristics to the beam 3 . This may for example comprise uniformity correction devices, 
such as special filters etc. Furthermore, beam shaping mechanism 5 may comprise optical 
10 elements to filter a certain wavelength, a certain angular distribution etc. 

[0076] The resulting projection beam 6 passes through a mask 7. The mask 7, which term 
should be interpreted broadly as to include devices which impart a desired pattern to the 
projection beam 6, is fixed to a mask table 8, which allows the passing of the projection beam 
6, which has been turned into a patterned beam 1 0 by means of the mask 7. The mask table 8 i " -t- ^ 

15 may be displaced by means of mask table moving mechanism 9. Mask table moving £ . -7* 
mechanism 9 may comprise any desired motor, such as piezo-electrical motors etc. 

[0077] The patterned beam 1 0 passes through projection optics 1 1 , which not only guide 
the patterned beam 10 towards the desired target, but they also serve to impart further desired 
features to the patterned beam 10. It may be contemplated to magnify or reduce the diameter 
20 of the beam 10, etc. After passing through the projection optics 1 1, the patterned beam will 
strike the surface of a wafer 12, or generally a target surface. The wafer may comprise a 
specially prepared semi-conductor wafer, e.g. for the production of chips. However, in 
principal any desired target which is to be illuminated by means of the patterned beam 10 is 
also possible. 

25 [0078] The wafer stage 1 3 may be displaced by means of wafer stage moving mechanism 
14 by means of any desired and appropriate motor. The displacement of the wafer stage 13 
may be completely independent, or may be coupled to displacement of the mask table 8, e.g. 
in the case of a scanning lithographic apparatus. Displacement of the wafer stage 13 may be 



-18- 



Docket No.: P-1748-000.US 



measured by means of an interferometer system 15. Likewise, any displacement of the mask 
table 8 may be determined by means of a second interferometer system (not shown). 

[0079] Fig. 2 schematically depicts an overview of an interferometer system, in 
accordance with an embodiment of the present invention. Herein, 16 represents a laser source, 
5 emitting a laser beam 17 which is guided by means of beam delivery mirrors 18 to a beam- 
splitter block 15. Part of the laser beam 1 7 is reflected by an object mirror 1 9 which is located 
on an object 20. 

[0080] The reflected and interfering beams are received by an optical receiver 2 1 , which 
transports the optical signal by means of a fiber 22 to an electrical receiver 23. The electrical 
1 0 receiver 23 converts the optical signal into an electrical signal and outputs this electrical signal 
to signal processing means 25 by means of a signal cable 24. Furthermore, an optional 
reference signal cable 26 connects the laser source 16 and the signal processing mechanism 
25. 

[0081 ] The laser source may be selected as to stability of the laser beam. It may be a single f . .. | 

15 wavelength type or a double wavelength type (e.g. with Zeeman split), as is known to the 'j 
person skilled in the art. The emitted laser beam 17 may, if desired, be guided by means of 
beam delivery mirrors 18 to a beam-splitter block 15. Furthermore, it is possible to include 
one or more means for splitting the laser beam 1 7 into separate beams (not shown). This may 
be employed to be able to use more than one interferometer system. An example may be 
20 separate interferometer systems for determining displacements of the wafer stage and the 
mask table. Other arrangements are possible, and some will be elucidated below. 

[0082] The beam-splitter block 15 is shown only in a general form and will also be 
elucidated below. For the present application, the beam-splitter block 15 comprises at least 
one beam-splitter, at least one retro-reflector, and at least one mirror. 

25 [0083] Generally, the principle of an interferometer system is to measure displacement by 
means of counting interference fringes of two interfering laser beams. One of the laser beams 
is a reference beam of known properties, in particular having a constant optical path length. 
The other laser beam, or measuring beam, is reflected by a mirror which is rigidly connected 
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to an object, the displacement of which is to be determined. When the two laser beams are 
combined after their being reflected, they will show interference. This interference may be 
destructive, in the case of a path length difference of (n+!/2)X, and may be positive or 
constructive in the case of a path length difference of n\ with intermediate cases for different 
path length differences. 

[0084] When the object, for example object 20, is displaced, the path length of the 
measuring beam will change, and so will the interference pattern. In particular, a number of 
interference fringes will appear. By counting the number of interference fringes, and 
interpolating if desired, the displacement of the objects to be measured maybe determined by 
simple calculations. 

[0085] Turning back to Fig. 2, the optical receiver 21 receives the combined laser beams 
and their interference pattern. The optical signal which is receiver by the optical receiver 21 is 
transported to electrical receiver 23 by means of an optical fiber 22. The electrical receiver 23 
converts the optical signal, in particular an optical intensity thereof, to an electrical signal by 
15 means of e.g. a photodiode. r 

[0086] The electrical signal is subsequently output to signal processing mechanism, which 
may comprise a computer for counting interference fringes, and interpolating therebetween. 
The signal processing mechanism 25 may determine displacement information from the 
measured signal, which displacement information may be used in controlling the apparatus in 
20 which the object 20 is moved. The laser source 16 may be connected to the signal processing 
mechanism 25 by means of a reference signal cable 26. 

[0087] Figs. 3a - 3d schematically depict four cross-sectional views of a part of an 
interferometer system according to the invention, with paths of beams. In particular, Figs. 3a - 
3d depict a part of an interferometer system, in accordance with an embodiment of the present 
25 invention, which relate to parts 15,19 and 20 of the interferometer system depicted in Fig. 2. 

[0088] In Fig. 3a, 30 denotes a polarizing beam-splitter, with a beam splitting surface 3 1 . 
Incident laser beam 17 is split in a reference beam 32 and a measuring beam 36. Reference 
beam 32 is reflected by the beam splitting surface 31, passes through a 1/4X plate, and is 
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reflected by reference mirror 34. Measuring beam 36 passes through 1/4X plate 37 and is 
reflected by measuring mirror 38, which is rigidly attached to an object that is capable of 
displacement, i.e., object 39. Both reference beam 32 and measuring beam 36 are retro- 
reflected and shifted by retro-reflector 35. After traveling to and from the at least one mirror, 
5 the beams are combined on the receiver, where they will produce an interference pattern, as 
discussed above. 

[0089] In Fig. 3b, the path of the measuring beam 36 is substantially similar to the path in 
Fig. 3a. However, reference beam 32 is redirected. That is, after having passed the l/4Xplate 
33, the reference beam 32 is reflected by a first 45° mirror towards a second 45° mirror 41 , and 
10 subsequently to a Z reference mirror 42. 

[0090] The arrangement illustrated in Fig. 3a is referred to as a "plane mirror 
interferometer," while the arrangement illustrated in Fig. 3b is referred to as a "differential 
plane mirror interferometer." Both types may be combined in one polarizing beam-splitter 30, 
according to the invention. Figs. 3a and 3b are to be considered as cross-sections in two & 
15 different parts of the polarizing beam-splitter 30, in mutually parallel planes: This will be . 
described below. 

[0091 ] In Fig. 3a, the complete path of the reference beam 32 is as follows: first, the laser 
beam 1 7, which comprises two mutually complementary polarizing directions, is split into a 
reference beam 32 and a measuring beam 36, with one of said mutually complementary 

20 polarization directions each. This split in two beams is achieved at the beam splitting surface 
31. At the beam splitting surface 31, the reference beam 32 is reflected downwards, passes 
through l/4Xplate 33, is reflected by reference mirror 34, again passes through l/4Xplate 33 
and re-enters the polarizing beam-splitter 30. Since the two passes through the 1/4X plate 33 
have added a phase difference of, in all, 1/2X, the polarization direction of the reference beam 

25 32 has changed such that it will now pass the beam splitting surface 31 unimpeded. It will 
then go to the retro-reflector 35, which may be a roof prism, or preferably a corner cube. The 
retro-reflector 35 will serve to displace the reference beam 32 in a parallel fashion with 
respect to itself. 
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[0092] Next, the retro-reflected reference beam will again pass the beam splitting surface 
31, pass the 1/4X plate 33 twice, with a reflection at reference mirror 34, and will again enter 
the polarizing beam-splitter 30. By now, the polarization direction will have changed again 
because of the added phase difference of l/2\ and the reference beam 32 will now be 
reflected by the beam splitting surface 3 1 in the reverse direction of the original laser beam 
17. The beam will now leave the polarizing beam-splitter 30, in a direction parallel to the 
input direction. 

[0093] The part of the laser beam 17 with, originally, a polarization direction which is 
complementary to that of the original reference beam, will first pass the beam splitting surface 
3 1 , to become the measuring beam 36. The path through the system will show similarities to 
the path of the reference beam 32, and will not be elucidated in all detail. Suffice it to say that 
the polarization direction is changed by 1/4X plate 37, and the measuring beam 36 will be 
reflected by measuring mirror 38, which is rigidly connected to the object 39. 

[0094] After going through the system, the measuring beam 36 will ultimately be 
combined with the reflected reference beam 32, and both reflected beams will leave the 
system and will provide information regarding displacement of the object 39. 

[0095] In the arrangement of Fig. 3b, the path of the measuring beam 36 is similar to that 
in the arrangement of Fig. 3a, and will not be elucidated further. In Fig. 3b, the reference 
beam 32 will not be reflected by reference mirror 34, but will, instead, be reflected by the first 
45° mirror 40 in a direction parallel to the original laser beam 17, and towards a second 45° 
mirror 41 . The second 45° mirror 41 is also rigidly connected to object 39, and will direct the 
reference beam 32 upwards in the direction of Z reference mirror 42. The reference beam 32 
will now retrace its steps, after which the rest of the path is similar to that in the arrangement 
according to Fig. 3a. 

[0096] Note that the first and second 45° mirrors 40, 41 respectively, may be mirrors, or 
prisms. In particular, the first 45° mirror 40 may be a prism which is combined with the 
polarizing beam-splitter 30. This combination may be achieved by gluing the prism and the 
polarizing beam-splitter 30 together with appropriate adhesives, or, for example, they may be 
integrally formed from one material. 
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[0097] The effect of the arrangement according to Fig. 3b, or differential plane mirror 
interferometer (differential plane mirror) is as follows: if object 39 is displaced in a direction 
parallel to the measuring beam 36 only, then the optical path lengths of reference beam 32 and 
measuring beam 36 will change in a similar fashion, with the result that the path length 
5 difference remains constant. However, if the object is displaced in a direction perpendicular 
to the direction of the laser beam 1 7 only, then the optical path length of the measuring beam 
36 will remain constant, while the optical path length of the measuring beam 32 will change, 
with the result that the path length difference will change. The directions may, for example, be 
as indicated in Fig. 3b, but in principle they may be selected in any other appropriate fashion, 
10 e.g. the Y en Z direction and so forth. 

[0098] The differential plane mirror interferometer system as shown in Fig. 3b may thus 
be employed to determine displacement in another direction as may be determined by the 
arrangement according to Fig. 3a. And, by combining the arrangement of Fig. 3a and the 
arrangement by Fig. 3b into one polarizing beam-splitter 30, a very versatile interferometer 
1 5 system is provided, which is capable of determining displacement in two different directions , 
with only one polarizing beam-splitter 30. This is very advantageous, in that such a polarizing 7 
beam-splitter 30 is one of the most expensive parts of an interferometer system. 

[0099] Many modifications of the arrangements shown are possible. For example, as is 
shown in Fig. 3c, reference beam 32 is now directed to a third mirror 43 which is fixed to the 

20 object 39. Although this third mirror lies in a plane parallel to the measuring mirror 38, this 
is not necessary. In this arrangement the reference beam 32 will now be used to measure 
displacement in the same direction as the direction for measuring beam 36. The change in 
optical path length difference may then be used to determine a tilt or rotation of the object 39. 
When the object or object moves only in the direction indicated by arrow A, the optical path 

25 lengths of the reference beam 32 and the measuring beam 36 will change with an equal 
amount. If however, the object rotates around an axis not parallel to the measuring beam 36, 
the optical paths lengths will change differently, which measured difference is an indication 
for the tilt or rotation of the object or object 39. Note that the third mirror 43 and the 
measuring mirror 38 may in fact be one and the same mirror. 
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[00100] Fig. 3d shows another modification, in which the reference beam 32 is directed 
towards a fourth mirror 45, which is fixed to a second object (or object) 44, which is also 
movable, as indicated by arrow B. In this case the optical path lengths with respect to two 
different objects, 39 and 44, are measured. This allows the determination of a relative position 
5 and shift thereof If one object, e.g. object 39, moves in, say, the direction of arrow A, and/or 
the other object 44 moves in the direction of arrow B, the difference in optical path length will 
change and the interference pattern will change. 

[00101] For example, if said two objects need a certain fixed position with respect to each 
other, a shift may be measured and corrected for by means of motors etc. Or it possible to 
control an intended movement of the one object with respect to the other, in e.g. a scanning 
lithographic apparatus. Note furthermore that it is possible to integrate more than one of such 
differential interferometer in order to be able to measure a relative displacement in more than 
one direction. 

[001 02] By including more than one laser beam 1 7, it is possible to measure displacement 'i . <ij| 

in e.g. the X direction for more than one position on the measuring mirror 38. This may be ft- : | 
employed to determine an orientation, and change thereof, of the measuring mirror 38. A 
measurement in at least three points will suffice to determine the orientation with sufficient 
accuracy. 

[00103] It is to be noted that, in the case of the arrangements of Fig. 3 a and Fig. 3b being 
20 combined, the indicated laser beam 1 7 will be two parallel beams. These may have been 
formed by splitting an original laser beam into two mutually parallel laser beams. 

[00104] The system with the combined interferometer arrangements (differential plane 
mirror and (absolute) plane mirror) is furthermore versatile, in that two or more arrangements 
of each type may be combined. Moreover, the first 45° mirror 40 may be replaced by a plane 
25 mirror, like reference mirror 34, if desired. Note that the position of either reference mirror 34 
or first 45° mirror 40 is fixed with respect to the optical beams splitter 30. It is still however 
possible to set the position with respect to the polarizing beam-splitter 30, in order to be able 
to measure displacements on different locations on the object 39 to be measured. 
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[001051 Fig. 4a shows a cross-sectional view (left) and a front view (right) of a beam- 
splitter block, in accordance with an embodiment of the present invention. Herein, 30 denotes 
a polarizing beam-splitter, 50 denotes a first laser beam, 51a second laser beam. 

[00106] First laser beam 50 is split into a first reference beam 52a, which passes a first 1/4X 
5 plate 53 and is reflected by reference mirror 54, as well as a first measurement beam 52b, 
which passes a second 1/4X plate 59 and will be reflected by a mirror on an object to be 
measured (not shown). Second laser beam 5 1 is split into a second reference beam 55a and a 
second measurement beam 55b. Second reference beam 55a is guided by means of prism 56, 
and passes through second 1/4X plate 59, while second measurement beam 55b also passes 
10 through l/4Xplate59. 

[00107] Retro-reflectors 57, 58 serve to retro-reflect and displace the corresponding 
reference beams and measuring beams. 

[00108] The front view in the right half of Fig. 4a shows a polarizing beam-splitter 30 and 1 
six laser bundles emitted from and entering into the polarizing beam-splitter 30. The two laser r 
15 bundles in the upper ellipse correspond to the measuring beam 52b. The lower ellipse 
comprises two measuring beams 55b, one entering and one leaving the polarizing beam- 
splitter 30, while the lower two correspond to two second reference beams 55 a, again one 
entering and one leaving prism 56. 

[001 09] The arrangement of the beam splitter block as shown in Fig. 4a is a compact design 
20 and allows differential measurements in one or more directions. 

[00110] In an even more advantageous embodiment (not shown) the two laser beams 50 
and 5 1 are supplied in a plane which is parallel to the lower side of the polarizing beam- 
splitter 30, i.e. the side facing a first reference mirror 54 and the prism 56. In this case, the 
volume of the polarizing beam-splitter 30 may be effectively halved, which is very 
25 advantageous considering the cost of the polarizing beam-splitter 30. Note that this 
arrangement is possible when the two laser beams are supplied from the back (i.e. the face 
which is opposite the front that faces the object to be measured), the top or the bottom, i.e. the 
side facing the retro-reflectors 57, 58, the side facing the first reference mirror 54, 
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respectively, in the arrangement according to Fig. 4a. If the laser beams would be supplied 
from the sides, i.e. the planes parallel to the plane of the paper according to Fig. 4a, it would 
not be possible to use said most compact arrangement. Note however that it is possible to 
rotate the complete beam-splitter block (i.e. the arrangement of Fig. 4a) over e.g. 90°. In that 
case the advantageous sides from which the laser beams may be supplied are to be adapted 
accordingly. 

[001 1 1 ] Fig. 4b depicts a cross-sectional view and a front view of a slightly more complex 
interferometer system, in accordance with an embodiment of the present invention. Moreover, 
62 denotes a second reference mirror which is arranged adjacent prism 56. 60b and 61b denote 
two further sets of measuring beams, each comprising one beam leaving the polarizing beam- 
splitter 30 and one entering it. 

[001 12] In the arrangement according to 4b, use is made of the particular advantages of the 
invention, viz. the versatility and compactness of the design. In the embodiment shown in Fig. 
4b, one part of the arrangement relates to a differential plane mirror interferometer, e.g., .the. 
four beams within the dashed ellipse 55, while three sets of beams relate to e.g. X measuring 
beams, in this case the three sets within the ellipses 52b, 60b and 61b. 

[001 13] Note that first reference mirror 54 reflects the reference beam 52a (not shown here) 
corresponding to measuring beam 52b, while the reference beams which correspond to 
measuring beams 60b and 61b, which are not shown here, are reflected by an additional 
reference mirror 62. Such a reference mirror will have a fixed position with respect to the 
polarizing beam-splitter 30. In most cases, it will be a mirror which is directly attached to the 
polarizing beam-splitter, although it may be fixed in a spaced apart position. 

[001 14] The arrangement shown in Fig. 4b may for example measure displacement in the Z 
direction, by means of the beams 55, whereas the remaining beams, i.e. 52, 60 and 61, may be 
used to perform a three-point measurement in the X direction, in order to determine 
displacement for different degrees of freedom. However, as described above, it would also be 
possible to measure e.g. displacement in the Y direction instead of in the X direction, either by 
rotating the system over 90°, or by adapting the 45° mirrors accordingly. 
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[00115] An additional advantage is that there are only three beam "layers", i.e. three 
different levels on which beams are emitted towards the object to be measured. This also 
offers possibilities to reduce cost and size of e.g. mirrors on the object. 

[001 1 6] Fig. 5a and 5b both show a front view of an alternative embodiment of a part of an 
5 interferometer system, including a retro-reflector, in accordance with an embodiment of the 
present invention. Fig. 5a shows the arrangement with the path of corresponding beams in the 
retro-reflector, while Fig. 5b shows the same arrangement, with added beams and, for clarity, 
omitting of the retro-reflector. 

[001 1 7] Herein 70a denotes one beam of a first set of two corresponding beams, that enters 
the polarizing beam-splitter, while 70b represents the corresponding beam which exits the 
polarizing beam-splitter 30. Similarly, 71a denotes a measuring beam of a second set of in all 
four beams, that enters the splitter 30, while 71b denotes the corresponding exiting measuring 
beam, 71c denotes an incident reference beam of said second set, while 71d denotes the 
corresponding exiting reference bearri. Each beam is linked to its corresponding beam by the », 
action of the retro-reflector 72, as shown. Note that the reference beams .71 c and 71 d travel . / 
along paths that overlie the paths of the measuring beams 71a and 71b in the drawing, 
although in reality they are separated. 

[00118] In this embodiment, only one retro-reflector is needed, with the corresponding 
advantage of less problems relating to aligning the retro-reflector and the laser beams, and 
20 other costs relating to work load (fewer parts). Furthermore, the arrangement is completely 
symmetrical, which may provide additional advantages in terms of precision and ease of 
alignment. An advantage of the use of two, or more, smaller retro-reflectors is that less 
material is needed. Furthermore, the specifications of the mirrors used are less strict, as to 
flatness per surface area etc. 

25 [00119] In Fig. 5b, the same basic arrangement is shown, in which the retro-reflector, in 
most cases a so-called corner cube, is omitted for clarity, and in which two more sets of beams 
are included in a third "layer". Those two extra sets of in total four beams are indicated 
generally by 73 . These two additional sets of beams may be used for additional measurements. 
Here, they are added in a "layer" above the two layers consisting of 70a,b and 71a,b on the one 
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hand, and 71c,d on the other hand. This offers a reasonably compact arrangement, with 
comparable dimensions for the polarizing beam-splitter 30 in all directions. However, for 
smallest total volume of the polarizing beam-splitter it is advantageous if also the additional 
sets of beams are supplied in the same "layer" as the beams 70a,b. Then the beam-splitter is 
only twice as long, instead of both twice as high and twice as wide, for a symmetrical, square 
layout of the beam-splitter. 

[00120] In the example shown in Fig. 5, beams 73 maybe arranged in line with the beams 
70, to form one row of 8 beams in all. This would allow a reduction of both the height and the 
"width" (i.e. the dimension in the direction perpendicular to the plane of the paper) of the 
beam-splitter body 30 by a factor of two, whereas only the length (the horizontal direction in 
the Fig.) needs to be doubled. This allows a net volume reduction of 50%. In this example it is 
assumed that the beam-splitter body 30 has a square cross-section in a side view. 

[00121] Fig. 6 depicts a front view of another alternative embodiment of a part of an 
interferometer system, in accordance with an embodiment of the present invention. Herein, >$ 
70, : 73a and 73b denote three similar sets of beams for measuring displacement in a certain 
direction, or for carrying out a three-point measurement, and so on, as desired and e.g. as 
described above. 71 again denotes a set of beams to be used as also described above, e.g. 
carrying out a differential measurement in Z direction. 

[00122] Note that the three similar beams 70, 73a, 73b are arranged symmetrically, and at a 
distance from the set 71, such that the separate beams of 71 do not enter a volume consisting 
of the circumscribed polygon around the total set of beams consisting of the sets 70, 73a and 
73b. In other words, when the face 56a of the prism 56 would be extended and would cut the 
polarizing beam-splitter in two parts, then one part would contain the beams of set 71 , and the 
other part would contain the three similar sets 70, 73a and 73b. In this way, any negative 
influence of the beams of set 71 may be kept away from the other three sets. In particular, 
flows of air or other gasses which are used to condition the optical paths of the three sets may 
flow freely, unimpeded by beams 71. This will be elucidated with reference to the Fig. 7. 

[00123] Fig. 7 shows front views of three different embodiments of a part of an 
interferometer system, with conditioned air flows, in accordance with an embodiment of the 
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present invention. The leftmost embodiment shows the embodiment according to Fig. 5, but 
note that 74 does now denote not the retro-reflector but a Z reference mirror (see Fig. 8). 
[00123] Furthermore 76 denotes a flow of conditioned air, emanating from an flow origin 
75. 

[00124] Such air flow is desirable because it ensures that the optical properties of the 
medium in the space through which the beams pass are well known and as constant as is 
possible. Furthermore, the air flow has a cooling action on the object(s) when being 
illuminated in e.g. a lithographic system. 

[00125] In the leftmost embodiment, the flow origin is (point-like), and hence the flow 76 
is (fan)-like. This is caused by the presence of the Z reference mirror 74, which blocks a 
favorable homogenous vertical air flow. Hence the speed of the air, etc. is not constant in the 
total volume which is flushed by the flow, and the accuracy of the measurement may be 
impairs, albeit that the measurement arrangement itself is highly symmetrical. 

[001 26] In the embodiment in the middle, which corresponds to the arrangement of Fig. 4b, 
but mirrored, the flow origin 75 is much wider. Hence, the air flow along the left-hand side of 
the arrangement comprises an almost laminar flow 77, and has desirable constant properties. 
This is achieved without increasing the volume of the polarizing beam-splitter 30. Still, the air 
flow along the beams in the right-hand side of the arrangement is a non-homogeneous flow 
78. 

[001 27] In the rightmost embodiment, corresponding to the arrangement of Fig. 6, only the 
air flow 78 along the set of beams 71 is fan-like, while the air flow 77 along all other beams is 
laminar. This arrangement offers the best possible air conditioning, albeit at the cost of a 
somewhat increased volume of the beam-splitter 30. 

[00128] Note that it is not possible in these types of arrangement to obtain a completely 
laminar flow in the vertical direction, because of the presence of the Z reference mirror 74. An 
air flow from the side would be an option in certain apparatus, although in present day 
lithographic apparatus this offers some undesirable disadvantages. Furthermore, the heat flow, 
which is also to be controlled by the air flow, will be in a vertical direction. 
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[00129] Fig. 8 schematically shows a cross-sectional view of another arrangement of an 
interferometer system, in accordance with an embodiment of the present invention. In Fig. 8, 
80 and 81 denote two beam-splitter blocks, at least one of which is arranged according to the 
invention. An object, the displacement of which is to be determined, is denoted by 82. It 
5 comprises a first 45° mirror 83 and a second 45° mirror 85. Above the object 82, there are two 
reference mirrors 84 and 86. A symmetry axis is denoted by 87. 

[00130] At least one of the beam-splitter blocks 80 and 81 comprises a combined 
differential plane mirror and plane mirror interferometer system according to the invention, 
e.g. for X and Z displacement, and preferably with a three point X measurement. The mirrors 
10 83 and 85 serve to direct measuring beams (not shown) towards their respective reference 
mirrors 84 and 86. Other measuring directions, and the appropriate mirrors are not shown for 
clarity. 

[00131] The object 82 may be moved in the X direction with an amplitude about equal to 

the dimension of the reference mirrors 84 and 86 as measured in the X direction. Note that in - $ 

15 this case it is possible to omit one of the two interferometer systems, since they are, in ft ♦ % 

principle, redundant with respect to each other. However, having two such interferometer 
systems offers the possibility of double checking measurements. It also offers more precise 
measurements, since interferometer measurements are relatively more precise when long paths 
are involved in the measuring, with the effect that angles and tilts are determined very 

20 precisely. 

[00132] Note that, generally, it is advantageous to use an interferometer system according 
to the invention for measuring displacements in the other directions, especially when the 
number of "level" in which the measurement beams are arranged is decreased. As discussed in 
connection with e.g. the embodiment of Figs. 4a and 5b, it is possible to limit this number of 
25 levels to e.g. two, although this is not necessary. Such a low number of levels ensures that the 
corresponding mirror (not shown) on the object 82 may have a reduced size, or generally that 
the object 82 may have a reduced size in e.g. the Z direction. This offers the advantage of an 
object with less material, and hence a lesser weight and lower price. 
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[00133] Fig. 9 depicts a top view and a cross-sectional view of the embodiment according 
to Fig. 8a. The dashed line is an axis of symmetry for the Y direction. It can be seen that the 
beam-splitter blocks 80 and 81 need not be the same. Here, the block 81 comprises e.g. a 
combination of just one measuring beam for the X direction, and one beam for the Z direction, 
while beam-splitter block 80 comprises a full set of one measuring beam for the Z direction 
and three measuring beams for the X direction. Of course, any other desired combination of 
measuring beams is also possible for either beam-splitter block 80, 81. 

[00134] The beam-splitter block arrangement as shown in Fig. 9 is not only symmetrical in 
itself, such as for example the arrangements according to Figs. 4a and 5a, but the position of 
both beam-splitter blocks 80, 81 is also symmetrical with respect to the axis of symmetry, 
shown in a dashed line. This offers certain advantages as to the overall precision of the 
measurements. However, it may be advantageous to allow asymmetrical arrangements, not 
only of the beam-splitter blocks, but also of the position of said beam-splitter blocks with 
respect to the axis of symmetry for the Y direction. For example, selection of a beam-splitter 
block arrangement according to Fig. 6 allows an improved flow of conditioned air, as 
discussed above. 

[00135] One of the advantageous issues in connection with the present invention is the 
versatility that it allows in respect of the design of the optical elements of an interferometer 
system. By combining the two principles of absolute plane mirror interferometry and 
differential plane mirror interferometry into one beam-splitter block costs may be saved, while 
it allows many different arrangements of beams to be used in the measurement process. Some 
advantageous embodiments are shown, relating to e.g. improved conditioned air flows. 
Nevertheless, many other advantageous embodiments may be contemplated by the person 
skilled in the art, without departing from the scope of the invention. 

[00136] Whilst specific embodiments of the invention have been described above, it will be 
appreciated that the invention may be practiced otherwise than as described. The 
embodiments described above may, instead, be implemented with features of the other 
described embodiments. 
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[00137] As such, the description is not intended to limit the invention. The configuration, 
operation, and behavior of the present invention has been described with the understanding 
that modifications and variations of the embodiments are possible, given the level of detail 
present herein. Thus, the preceding detailed description is not meant or intended to, in any 
way, limit the invention - rather the scope of the invention is defined by the appended claims. 
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